The aim of this study was to genotype IL-1 gene cluster polymorphisms in the Macedonian population. A group composed of 301 healthy unrelated individuals was selected. IL-1 genotyping of the samples was performed by the PCR-SSP procedure followed by analysis of the IL-1 data with the PyPop population genetic analysis software package. The frequency of IL-1 alleles varies from 0.814 for IL1A -889/C, 0.729 for IL-1B +3962/C, 0.698 for IL-1RN mspa 11100/T, 0.671 for IL-1B -511/C, followed by 0.663 for IL-1R psti 1970/C indicating common "wild type" allele. We determined 27 different haplotypes from the total number of 32. The most frequent haplotypes for IL-1 are CCCCT (0.191), CTCCT (0.127), CCCTT (0.098), CCCCC (0.085), CTCTT (0.082). All pairs of loci for IL-1, except for IL-1R psti 1970, are in linkage disequilibrium, with p<0.05. The closest genetic distance is observed between the studied Macedonian population and the population from ItalyTorino, while the most genetically distant populations were TaiwanTsou, and TaiwanYami. It is concluded that IL-1 cluster alleles, genotypes, and haplotypes in Macedonian population show a good concordance with Hardy Weinberg equilibrium and can be used for anthropological comparisons, as well as for association studies with different diseases.
Introduction
Until recently, the IL-1 ligand family consisted of four members of: IL-1A, IL-1B, IL-1RA, and IL-18. Six additional members of this family have been described since. The entire new gene map of the region of chromosome 2 between the IL-1B and IL-1RN loci was proposed (1) , suggesting that each of the new IL-1 family members arose from a common ancestral gene that later became duplicated (2) . The novel Il-1 family members have been described by several groups using their own nomenclature, thus resulting in a number of different names for the same molecule (3, 4) . (7, 8) . The genes are ordered, from centromere to telomere, as IL-1A, IL-
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1B, IL-1F7, IL-1F9, IL-1F6, IL-1F8, IL-1F5, IL-1F10, IL-1RN, in a cluster covering a region of ~360-kb region (9).
The protein encoded by IL1R1 gene is a cytokine receptor that belongs to the interleukin 1 receptor family. This protein is a common receptor for interleukin alpha (IL1A), interleukin beta (IL1B), and interleukin 1 receptor, type I (IL1R1/IL1RN) and is an important mediator involved in many cytokine induced immune and inflammatory responses. It has been shown by radiation hybrid mapping that IL1R1, IL1R2 (MIM 147811), IL1RL2 (MIM 604512), IL1RL1 (MIM 601203), and IL18R1 (MIM 604494) map to 2q12 and are transcribed in the same direction with IL1R2 and form a cytokine receptor gene cluster (10) .
Cytokines are potent immunomodulating molecules that mediate the inflammation and immune response, and influence cellular activation, differentiation, and function. There are many reports showing that a number of cytokine genes are polymorphic and that polymorphisms in the gene regulatory regions correlate with the level of cytokine secretion (11, 12) . As these polymorphisms are independently segregated, one individual may have a cytokine expression pattern quite different from each other (13) .
Fourteen cytokine genes (22 SNP alleles) were identified as the candidates for the cytokine polymorphism component (CPC) at the 13th International Histocompatibility Workshop and Congress (IHWC) (14) . Five cytokine polymorphisms, related to the IL-1 cluster gene on chromosome 2, were included in the cytokine polymorphism component i.e ; IL-1A -889, IL-1B -511, IL-1B +3962, IL-1R psti 1970 , and IL-1RN mspa 11100.
The aim of this study was to obtain specific data of IL-1 cluster gene polymorphisms in Macedonian population that can be used as useful anthropological markers and serve as a basis for disease association studies.
Methods
Population
The studied population consists of 301 healthy unrelated individuals, aged between 20-35 years. All individuals are of Macedonian origin and nationality and residents of different geographical regions of the Republic of Macedonia. The spoken language is Macedonian. Each individual was interviewed on a one-toone basis, his/her genealogy was recorded for the last three generations, and a signed consent was obtained. Individuals with only one Macedonian parent were excluded from the study .The participants were informed that they can withdraw or destroy their deposited DNA samples in any time. Blood samples were collected, DNA was isolated from peripheral blood leukocytes by the phenol-chlorophorm extraction method (15, 16) , samples were anonymized for privacy, and stored in the Macedonian Human DNA Bank (hDNAMKD) (17) .
Typing Methods
Cytokine genotyping for the anthropology samples was performed by PCR-SSP (Heidelberg kit/ CST-PCR-SSP Tray, obtained from the University clinic of Heidelberg, University of Heidelberg, Heidelberg, Germany). Briefly, PCR-SSP typing by the Heidelberg kit represents 48 PCR primer mixes aliquotted in 96 well PCR trays (two typings per tray). Master mix, which was supplied along with the reagents and consisted of MgCL 2 , buffer, dNTP's, and glycerol was mixed with 1.2 -3.0 μg DNA and 20 U Taq polymerase and dispensed in the 48 wells. Agarose gel electrophoresis on a 2% agarose of an aliquot of the obtained products, revealed a positive or a negative specific amplification for each well (18) . Subsequently, the results were entered in the Cytokine-SCORE software and analyzed automatically (19) . A manual interpretation was also performed according to the interpretation scheme provided along with the kit.
Statistical Methods
The population genetics analysis package, PyPop (20) (21) (22) , was used for analysis of the cytokine data for this report. Allele frequencies and expected Hardy Weinberg proportions (HWP) for each SNP were determined (23) . The exact test for genotype frequency deviation from HWP was calculated using the Arlequin implementation accessed via PyPop (24) . Those SNPs that did not fit HWP were evaluated to determine whether there was an excess of homozygotes or heterozygotes, or if any particular genotypes were significantly different from expected frequencies by the chi square test. The Ewens-Watterson homozygozity test of neutrality (25) with Slatkins' p-values (26, 27) was used to indicate any deviations from the hypothesis of neutral selection for each locus. The statistic for the Ewens-Watterson homozygozity test of neutrality is the F statistic. If the Normal Deviate of Homozygozity (F nd ) is significantly less than 0, it indicates balancing selection is operating on the alleles at that locus; significant F nd > 0 indicates directional selection (28) , provided the assumptions of the model are met. Pvalues less than 0.025 or greater than 0.975 are considered to be significant for this 2-tailed test at the 0.05 level. For the all IL-1 SNPs, test of neutrality showed negative value for F nd statistic (EwensWatterson test of neutrality) which indicates balancing selection operating on the IL-1 alleles, but without significant p of F statistics.
Linkage disequilibrium (LD) was calculated, where D' weights the contribution to LD of specific allele pairs by the product of their allele frequencies (29) ; W n is a re-expression of the chi-square statistic for deviations between observed and expected haplotype frequencies; S is defined as twice the difference between log-likelihood of obtaining the observed data given the inferred haplotype frequencies [ln(L_1)], and the likelihood of the data under the null hypothesis of linkage equilibrium [ln(L_0)]); p-value is the fraction of permutations that results in values of S greater or equal to that observed.
The DISPAN software was used for computation of the genetic distances between the studied population and other populations for which a complete data for IL-1 gene cluster was available (30). Phylogenetic and molecular evolutionary analyses were conducted using MEGA software version 3.1 (31) . (Table 1) . were not in HWP (p<0.003, and <0.001, respectively), and Guo and Thompson Hardy Weinberg Output (GTHWO) was significant (p<0.006, and <0.001, respectively) ( Table 2) .
Results
IL-1 Alleles
IL-1 genotypes
IL-1 Linkage Disequilibrium (LD)
Linkage disequilibrium (LD) measures for each pair of loci for IL-1 are presented on Table 3 . One can see from the Table 3 that all pairs of loci for IL-1, except for IL-1R psti 1970, are in linkage disequilibrium, with p<0.05.
IL-1 Haplotypes
Haplotype frequency estimated for IL-1 loci and number of copies is shown on the Table 4 . Haplotype frequencies were estimated from unphased data using the expectation-maximization (EM) algorithm (21, 28) reported by PyPop. IL-1B had 2 SNPs individually typed by the Heidelberg PCR-SSP kit, but the kit was not designed to detect haplotypes for these SNPs. We estimated 27 different haplotypes from the total number of 32. The most frequent haplotypes (more than 5%) for IL-1 are CCCCT (0.191), CTCCT (0.127), CCCTT (0.098), CCCCC (0.085), CTCTT (0.082). The less frequent haplotype was CTTCC (0.002). Five possible IL-1 haplotypes are missing in Macedonian population (Table 4) . 
IL-1 Genetic Distances
We used data from 26 populations published on the WEB (32), selected on the basis of presence of IL-1 gene cluster frequencies. The names of the populations are given as they are deposited. For most of the populations, the heterozygosity was around 0.5, populations from SouthKoreaSeoul, Taiwan, and TurkeyBursa had heterozygosity around 0.4, and population from TaiwanAtayal had the smallest heterozygosity around 0.37. Standard genetic distance (SGD) between Macedonian population (present study) and different populations are given x 10 2 ( Table 5 ).
Diversity of investigated populations for IL-1 gene cluster is given for all loci, and locus by locus on the Table 6 . Measure of population differentiation (G ST ) for all loci was 0.079, for the locus IL-1B +3962 was the biggest (0.143), and the smallest was for locus IL-1RN mspa11100 (0.046). Total genetic diversity in the D' weights the contribution to LD of specific allele pairs by the product of their allele frequencies (30); W n is a re-expression of the chi-square statistic for deviations between observed and expected haplotype frequencies; S is defined as twice the difference between loglikelihood of obtaining the observed data given the inferred haplotype frequencies [ln(L_1)], and the likelihood of the data under the null hypothesis of linkage equilibrium [ln(L_0)]); p-value is the fraction of permutations that results in values of S greater or equal to that observed. A pvalue < 0.05 is indicative of overall significant LD. *, statistically significant. Haplotype frequencies were estimated from unphased data using the expectation-maximization (EM) algorithm (22, 29) reported by PyPop. IL-1B had 2 SNPs individually typed by the Heidelberg PCR-SSP kit, but the kit was not designed to detect haplotypes for these SNPs. Table 6 ).
The Neighbor-Joining phylogenetic tree was constructed on the basis of comparison of allele frequencies for IL-1 gene cluster in different populations. The closest genetic distance is observed between the studied Macedonian population and the ItalyTorino (SGD = 1.44), while the most genetically distant populations were TaiwanTsou (SGD=17.43), and TaiwanYami (SGD=15.10) ( Table 5 ). Populations from Taiwan (six different populations), from TurkeyBursa and from SouthKoreaSeoul are in the same cluster on the bottom of the tree. Populations from IndiaNorth and GreeceMacedoniaandTraceRegions are in the same cluster above the bottom cluster. Above is the cluster with IranSouteastSistani and BrasilSaoPaolo. European populations are on the opposite side of the genetic tree (CzechRepublicMoravia, Greece, PortugalCentre, IrelandSouth and Germany). Populations from ItalyTorino and from Macedonia are in the same cluster, between the European populations and the cluster of populations from Iran (five populations), and from IndiaDelhi. The population from Cyprus is isolated and is situated between the cluster with Iranian populations, and the cluster of IranSouteastSistani and BrasilSaoPaolo (Fig. 1) .
Discussion
This report summarizes IL-1 gene cluster polymorphisms and variations that exist in Macedonian population.
With the test of neutrality we found negative F nd for IL-1 cluster genes, but without significant p of F statistics, which indicates balancing selection operating on the alleles at that cluster. We found also that most of IL-1 genes showed a good concordance with HWP expectations. Two IL-1 genes (IL-1A -889, and IL-1B +3962) were not in HWP, and Guo and Thompson Hardy Weinberg Output was significant and could be as a result of existence of selective pressures, or because of the small frequencies in the investigated groups.
Inter-population discrepancies in allele frequencies particularly between Caucasian and non-Caucasian sample cohorts are often large (33) . Evaluation of the allele frequencies of the Dutch, Italian and Czech populations showed that five SNPs were significantly different between the Dutch and the Italians, while these SNPs did not vary between the Dutch and the Czechs (34). Significant differences in allelic frequencies among ethnic groups were reported (35) . The IL-1RN allele 2 was very rare in Koreans (frequency, 0.060). In addition, it was also found a significant Table 5 : Investigated populations, number of individuals, heterozygousity, and standard genetic distances (SGD) between Macedonian population (present study) and different populations (www.allelefrequencies.net) using IL-1 gene cluster frequencies (32). (36) . The frequency of IL-1RN 2-repeat allele was significantly lower in Taiwanese than in Caucasians. In contrast, the frequencies of the pro-inflammatory IL-1B -511T allele and +3954C allele were significantly higher among Taiwanese compared with Caucasians (37).
In some countries, where large ethnic populations exist in dense clusters, these observations should be taken into account when designing a high impact association study. It is particularly important to achieve accurate matched population profiling in both, case control and cohorts, as small differences can provide positive associations brought about by ethnic mismatch rather than disease susceptibility.
We found significant association between all pair of loci (LD had p less than 0.05), except for IL-1R psti 1970 which was not significantly associated with any of the IL-1 cluster loci. Haplotype frequencies estimated for IL-1 cluster loci have shown 27 haplotypes, from 32 possible, meaning that 5 haplotypes of IL-1 cluster genes are not present in Macedonian population. The most frequent haplotypes were CCCCT (0.191), and CTCCT (0.127); and most rare haplotypes were TCTTT (0.003), and CTTCC (0.002).
Published results indicated that after the exposure to LPS, whole blood leukocytes from subjects with the homozygous IL-1B haplotype -1470G, -511C, and -31T (GCT) produced more IL-1b in vitro than those from subjects with haplotype -1470C, -511T, and -31C (CTC) and that the transcriptional activity of the haplotype GCT was also higher than that of the haplotype CTC (38) . It is suggested that the haplotypes of the IL-1B promoter influence the expression and transcriptional activity of the IL-1B gene and that the upregulation of IL-1B gene expression after LPS exposure in subjects with haplotype GCT may be due to an increased transcriptional activity of that haplotype (38) . Since the effect of IL-1B polymorphisms on IL-1b production is still controversial, two polymorphisms were selected to test their cis-acting effect on IL-1b mRNA expression by means of the allele-specific transcript quantification and the haplotype analysis. As for the C-31T polymorphism, it was found that expression of the -31T allele was 2.2 times greater then that of the -31C allele. This higher transcription efficiency may correspond to the fact that C-31T is located in a TATA box. The other polymorphism, C+3954T, did not alter the levels of transcription (39) .
Under treatment with 10 -4 M prednisolone, the levels of IL-1b protein production stimulated by LPS in PBMC extracted from the subjects with the IL-1B TT-31, TC-31, and CC-31 genotypes were suppressed to 6.0±3.4%, 31.4±57.0%, and 87.7±84.8%, respectively, of the level in prednisolone-untreated control cells (TT-31 vs. CC-31, p<0.05). Glucocorticoid-based antiinflammatory therapy might be less effective in patients with the IL-1B TC-31 and CC-31 genotypes than those with the TT-31 genotype (40).
In general, an understanding of which markers are in strong linkage disequilibrium allows for the more rational design of genetic studies. In the IL-1 system in particular, where alleles of different IL-1 genes may act in concert to determine an overall inflammatory phenotype, knowledge of the existing disequilibria is vital to our understanding of which allele combinations are important in disease.
We report here, for the first time, genetic distances of IL-1 gene cluster polymorphism for 26 populations, deposited on the allelefrequencies.net (32) , and they group in several clusters: Taiwan (Middleton et al., 2003) .
populations on the bottom of the tree, and European populations on the top of the tree. Macedonian population is situated in the same cluster with the population of ItalyTorino, between the cluster of European populations and cluster with Iranian populations. One could speculate that diferent selective pressures in the past might have contributed to the population positions in the clusters.
In summary, the results of IL-1 cluster alleles, genotypes, estimated haplotypes, and linkage disequilibrium in Macedonian population are similar with the published data for cytokine polymorphism, and can be used for anthropological comparisons, as well for association studies with different diseases.
